The accumulation of heavy metals in water and sediment of Ekpan Creek has increased significantly from previously reported concentrations. The present study was designed to assess the levels of heavy metals in surface water and sediment in the Creek using scientifically recommended procedures for seven (7) heavy metals levels of Iron (Fe), Zinc (Zn), Copper (Cu), Lead (Pb), Chromium (Cr), Cadmium (Cd) and Maganese (Mn). The concentrations of these metals were determined using the Atomic Absorption Spectrometer (AAS) and Inductively Coupled Plasma-Mass Spectrometer (ICPMS) metal scanning respectively. Their order of prevalence in water was Fe>Zn>Mn>Cd>Pb>Cu>Cr, while sediment was Fe>Cu>Mn>Cr>Pb>Zn>Cd. Fe and Cu recorded worrisome levels above regulatory limits in some stations. This requires urgent efforts to monitor the sources of heavy metals to the river, their bioaccumulation in icthyofauna of the river and public health risk assessment.
INTRODUCTION
The daily accumulation of heavy metals in the environment (particularly coastal waters) has increased significantly due to increasing anthropogenic activities; thus pollution of aquatic water bodies. Although, metals are present naturally in trace amount in freshwaters from the weathering of rocks and soils, they become toxic when a particular level is reached. For instance, essential metals such as, Manganese, Zinc, Copper, Iron and Nickel, when present in trace concentrations are important for the physiological functions of living tissues and regulate many biochemical processes [1, 2] , but can become toxic as non-essential heavy metals when they are in excess amounts.
The ability of a water body to support aquatic life as well as its suitability for other uses depends largely on many of these trace elements, which naturally through precipitation and atmospheric deposition, have significant amounts entering the hydrological circle through surface waters [3] [4] [5] . The most worrisome is the anthropogenic releases from industrial and domestic wastewater sources, the burning of fossil fuels, land run-off, oil spill, gas leaks, blow outs, canalization and discharge from oil and gas operations into surface water bodies or release from industrial operations such as mining, canning and electroplating.
Damages caused by these activities are enormous which includes changes in water quality, loss of flora and important icthyofauna of water bodies, health and ecological risk when bio-accumulated to the life supporting functions and ecosystem services they provide.
Due to hydrodynamics, inland aquatic ecosystems are interconnected and as a result of their physical, chemical and biological characteristics they exhibit a high natural variability [2] and as such, more susceptible to anthropogenic influence than the more consistent and stable marine ecosystems [6] .
Some of the effects resulting from metal toxicity and their sources have been widely reported by different authors such as Ajao and Fagade [7] , Fufeyin [8] , Erema and Hawkins [9] , Ayenimo et al. [10, 11] , Emoyan et al. [2] , Nduka and Orisakwe [12] , Puyate et al. [13] , Olomukoro and Azubuike [14] , Steven and Nwabuk [15] , USEPA [16] and Isibor and Oluowo [17] .
Heavy metals are defined as metals having densities greater than 5 g/cm -3 [5] and with atomic weight of 40 g and above. They are reported to occur naturally in ores, usually as a combination of several metals in organic or inorganic forms. So also, their release in the environment is almost entirely from ores. They are found in natural waters as particulates or soluble organics or inorganics [8] .
The bottom sediments serve as a reservoir for heavy metals, and therefore deserve a special consideration in the planning and design of pollution research studies. Benthic studies of the brackish aquatic environment in Nigeria, according to Olomukoro and Azubuike [14] have been very scanty due to the difficulty in accessing the creeks, creeklets and estuaries has restricted ecologist from the survey of Nigerian coastal area.
Sediments are important sinks to various pollutants like trace metals and play an important role in the elemental cycling in the aquatic environment. They also mediate uptake, storage, release and transfer between environmental compartments [18] .
Till date, not much scientific research has been conducted in this Creek except the work of Olomukoro and Azubuike [14] and Olomukoro et al. [19] and it experiences pollution of heavy metals majorly from Chevron storage facilities, Warri Refinery and other anthropogenic activities.
The focus of the study was to assess the heavy metals concentrations in water and sediment of the creek by estimating mean values of metals in the stations as expressions of seasonal variation.
MATERIALS AND METHODS

Study Area
The study was conducted along the stretch of Ekpan Creek, Effurun, Delta State which is located within the oil rich Niger Delta, located within 5°3'5.11"N 5°40'44.11"E, altitude 13.5 -17.5 m. The creek is about 12 km long and one of the major sinusoidal rivers which in conjunction form an astonishing tributary streams and creeks that drains the wetlands of the western Niger Delta. The river flows westerly into the creek at NNPC jetty and empties into Warri River at Bennet Island (Olomukoro et al. [19] and Emoyan et al. [2] .
Major activities that characterized the study area was oil exploration activities from Chevron Nigeria Limited and petrochemical refining from the Warri Refinery and Petrochemical Company, a subsidiary of Nigerian National Petroleum Corporation (NNPC), Delta Development Property Agency (DDPA) where estate occupants directly dump waste into waters. Others are logging washing, bathing and swimming.
The study area is characterized by high relative humidity (80-92%), annual average rainfall above 2800 mm and two distinct seasons (wet and dry). As a result of the fresh salt water mixture, a brackish environment is created at the banks of the river. The vegetation was made up of mangrove plants of different species, dominated by Rhizophora species.
Sampling Locations
Five sampling stations were carefully selected ( Fig. 1) 
Samples Collection and Analysis
Water and sediment collection were collected from five sampling stations from December 2009 to May 2010 at a time between 7.00 am and 9:30 am for six (6) months. This sampling time was chosen because human activities in the river were still very low and best to determine the physiochemical characteristics of fresh water bodies. Sampling containers were thoroughly washed with water, soaked in diluted nitric acid for four hours, thereafter rinsed with distilled water. Care was taken to avoid contamination of samples.
Water samples were collected monthly in appropriately labeled bottles. Those for chemical analysis into 1L polythene bottles without acid, BOD in colored bottles; just below the water surface using the direct sampling method describe by APHA [20] and modified by USEPA [16] . While sediment samples were collected using a 6-inch Ekman grab into appropriately labeled black polythene bags for the study period.
Water samples were pretreated and digested using the wet oxidation method [21] . The Varian Techron Spectr AA -10 Atomic Absorption Spectrometer (S/N.902 1318) with a printer attached was used for the quantitative determination of all heavy metals. The water samples already fixed in nitric acid [21] were filtered through Whatman filtered paper no 1 and aspirated directly into the AAS for metal such as Cd, Cu, Pb, Mn, Ni and Zn. The blanks were prepared accordingly. For quality assurance purposes AAS was calibrated for each metal by dissolving 1 gram analar grade metal salt in 1 litre of distilled water. Standard and corresponding blanks were run with each set of experimental digest. The detection limits of zinc (0.5 mg/L), manganese (0.5 mg/L), copper (0.05 mg/L), nickel (0.02 mg/L), lead (0.03 mg/L), and cadmium (0.01 mg/L) were carefully observed. To ascertain quality control results of analysis were cross checked using standard reference materials for water and sediment; provided by FEPA [22] .
Total organic matter content estimation was conducted using the percentage loss on Ignition (LOI) described by Allen [23] . TOM was observed to influence the partitioning of contaminants in sediments containing a large amount of organic matter in form of particulate, while sediments containing a small amount of organic matter may have a larger part of the contaminants present in the pore water % loss on Ignition= wt loss (g)* 100/oven dry wt (g).
The system used was modified after Allen [23] and used as Standard International scale (International Soil Science Society). Particle Fractionation expresses the proportion of various sizes of particles present in a soil sample. In this system, particles sizes below 2.0 mm were graded using a successive sieving technique. A nest of sieves were mounted on a vibration machine and 10 g of the sediment sample introduced. The sieves separated the sediment into 3 size classes based on the particle diameter. The grades were read off from the scale, while the % composition of each class was computed for each sample. Sediment samples were air dried, pre-treated and digested using procedure outlined by APHA [5] and modified by Olomukoro et al. [19] . 1 g of sediment was weighed into a beaker, 10 mL nitric and 5 mL perchloric acids were added. The mixture was heated for two hours, allowed to cool and kept overnight (about 20 hours). The supernatant was transferred to a clean beaker, while the sediment was washed with 10 mL of distilled water and added to the supernatant. The mixture was filtered through a Whatman no 42 filter paper into a 25 mL volumetric flask and made up to the mark.
The
Inductively Coupled Plasma-Mass Spectrometer (ICPMS) was used to ascertain the presence of possible heavy metals in few samples of water and sediment as suggested by Dojlido and Taboryska [24] . The ICP procedure describes a technique for simultaneous or sequential multielement determination of metals and trace elements in solution based on the measurement of atomic emission by an optical spectrometric technique.
Statistical Analysis
Analysis of variance (ANOVA), Regression, and correlation coefficients were carried out on data to show significant differences in the monthly metal concentrations in the water and sediment using the 2007 Excel and SPSS version 19 tool packages. Duncan Multiple Range test (DMR) was employed to ascertain the actual locations of the significant differences which occurred in the ANOVA.
Distribution coefficient (Kd) was used to determine the sorption capacity of the parameters into the sediment. Values less than 6 mg/L were considered insignificant.
M ads M sol
Where M ads = metals adsorbed into the soil and M sol = metal concentration in water.
RESULTS AND DISCUSSION
Mean concentrations of Fe, Cu, Pb, Cr, and Mn in the water of Ekpan Creek was stable throughout the period of study (Table 1) . This temporally homogeneous concentrations of metals in the water may indicate some level of stability in the aquatic ecological equilibrium. There was a significant rise in the mean concentrations of Zn in January and February, 2010 above the rest of the months (P= 0.05). The mean concentration of Cd in the water was significantly higher in March than other months (P = 0.05). The overall metals loads of the water body were within FEPA [22] regulatory limits for aquaculture, throughout the study period. This may imply that the anthropogenic activities are within safe limits; however this does not underscore the importance of constant biomonitoring of the aquatic environment.
Seasonally heterogeneous patterns of Iron (Fe), followed by zinc (Zn) are apparent in the result (Fig. 2) . Relatively high concentrations of Zn were particularly recorded towards the end of the dry season i.e. in January and February, 2010. Low concentrations were recorded in other heavy metals throughout the study period, except for a little rise in Mn concentration observed in January 2010.
As seen in Fig. 3 , the sequence of metals levels in the water is Fe (69.5%) > Zn (26%) > Mn (2.7%) > Cd (0.8%) > Pb (0.3%), Cu (0.3%) and Cr (0.3%), in line with higher concentrations of Fe followed by Zn reported by Olomukoro and Azubuike [14] in Ekpan Creek. This sequence is at variance with that observed in Osse River (Fe > Mn > Zn > Cu > Pb) by Omoigberale and Ikponmwosa-Eweka [26] . It also disagrees with the sequence observed in Egbokodo River (Fe > Cd > Cu > Pb > Mn) by Isibor and Oluowo [17] ; and in River Benue (Fe >Cr > Pb >Mn > Zn > Cu > Cd) by Eneji [27] . However, the conformity in the sequences among the rivers is domination of iron over other metals. This can be attributed to corresponding rates of anthropogenic sources of the iron in the rivers.
Outstandingly high concentrations were recorded in the iron of the bottom sediment throughout the study period (Table 2 ). This is an indication of high rate of deposition of iron in the bottom sediment. The observed concentration of iron in bottom sediment was quite higher than the FEPA recommended limit [22] . However no significant difference was recorded throughout the study period (P= 0.07).
Temporally heterogeneous metal loads were observed in the bottom sediment of the river ( Table 2 ). The mean concentrations of Cu were significantly higher in December 2009 and January 2010 than in February to April 2010; which was significantly higher than the mean concentration in May, 2010 (P= 0.04); revealing a constant decline in copper concentrations from dry season into the rainy season. This can generally be attributed to the dilution of the concentration as a result of increased volume of water in the rainy season. The mean concentrations of Zinc in the sediment were significantly higher from January to March, 2010 than other parts of the study regime (P =0.05). Significantly higher concentrations of all the metals; except iron, recorded in the sediment in the dry season than the wet season can be attributed to relatively higher metals loads in the overlying water column in the dry season due to reduced water volume. The reverse of the trend is expected in the overlying water in the wet season due to dilution process which culminates from increased water volume; particularly during plenty rains.
In comparison with Fig. 2, Fig. 3 shows relatively higher levels of metal loads in the bottom sediments. Fig. 6 further butresses the fact that an oustanding sorption of Iron occurred in the bottom sediment. This can be attributed to the repository nature of the bottom sediment and it confroms with the observation of Adams et al. [28] and Camusso et al. [29] . Result shows that Iron concentrations were outstandingly high in the bottom sediment. i.e. Fe had a relative percetage of 97.5% of the total metal loads, while other metals shared the remaining 2.5%. There is correlation in the oustanding Iron levels in the water medium with that of the bottom sediment.
All the heavy metals have very high sorption capacities into the soil (Table 3) i.e. their sorption capacities are far higher than the significant level of 6 mg/L [28] . Iron (561.4 mg/L) sorption capacity into the bottom sediment from the water medium was outstandingly higher than other metals; while cadmium (20 mg/L) recorded the lowest sorption capacity. The sequence of the sorption was Fe > Cu > Mn > Cr > Pb > Zn > Cd. Iron was the most adsorbed, while cadmium was the least adsorbed on the bottom sediment. The high sorption capacity observed in the aquatic environment necessitates constant careful biomonitoring, so as to put the concentrations of the metals in the sediment in constant check as the metals loads in bottom sediment can be reintroduced into the overlying water column; culminating in unprecedented eco-physiological hazards. [27] . However, the conformity in the sequences among the rivers is domination of iron over other metals. This can be attributed to corresponding rates of anthropogenic sources of the iron in the rivers.
Fig. 3. Percentage distribution of heavy metals in surface water
Temporally heterogeneous metal loads were observed in the bottom sediment of the river ( Table 2 ). The mean concentrations of Cu were significantly higher in December 2009 and January 2010 than in February to April 2010; which was significantly higher than the mean concentration in May, 2010 (P= 0.04); revealing a constant decline in copper concentrations from dry season into the rainy season. This can generally be attributed to the dilution of the concentration as a result of increased volume of water in the rainy season. The mean concentrations of Zinc in the sediment were significantly higher from January to March, 2010 than other parts of the study regime (P =0.05).
Significantly higher concentrations of all the metals; except iron, recorded in the sediment in the dry season than the wet season can be attributed to relatively higher metals loads in the overlying water column in the dry season due to reduced water volume. The reverse of the trend is expected in the overlying water in the wet season due to dilution process which culminates from increased water volume; particularly during plenty rains.
All the heavy metals have very high sorption capacities into the soil (Table 3) i.e. their sorption capacities are far higher than the significant level of 6 mg/L [28] . Iron (561.4 mg/L) sorption capacity into the bottom sediment from the water medium was outstandingly higher than other metals; while cadmium (20 mg/L) recorded the lowest sorption capacity. The sequence of the sorption was Fe > Cu > Mn > Cr > Pb > Zn > Cd. Iron was the most adsorbed, while cadmium was the least adsorbed on the bottom sediment. The high sorption capacity observed in the aquatic environment necessitates constant careful biomonitoring, so as to put the concentrations of the metals in the sediment in constant check as the metals loads in bottom sediment can be reintroduced into the overlying water column; culminating in unprecedented eco-physiological hazards. 6 River (Fe > Cd > Cu > Pb > Mn) by Isibor and Oluowo [17] ; and in River Benue (Fe >Cr > Pb >Mn > Zn > Cu > Cd) by Eneji [27] . However, the conformity in the sequences among the rivers is domination of iron over other metals. This can be attributed to corresponding rates of anthropogenic sources of the iron in the rivers.
All the heavy metals have very high sorption capacities into the soil (Table 3) i.e. their sorption capacities are far higher than the significant level of 6 mg/L [28] . Iron (561.4 mg/L) sorption capacity into the bottom sediment from the water medium was outstandingly higher than other metals; while cadmium (20 mg/L) recorded the lowest sorption capacity. The sequence of the sorption was Fe > Cu > Mn > Cr > Pb > Zn > Cd. Iron was the most adsorbed, while cadmium was the least adsorbed on the bottom sediment. The high sorption capacity observed in the aquatic environment necessitates constant careful biomonitoring, so as to put the concentrations of the metals in the sediment in constant check as the metals loads in bottom sediment can be reintroduced into the overlying water column; culminating in unprecedented eco-physiological hazards. Apparent in the study, the concentrations of heavy metals in water was not in concomitant relationship with sediment concentrations, except for Iron, Zinc and Manganese. Higher concentrations of heavy metals were obtained in sediment than water which is expected; suggesting overtime pollution of the river and a property of sediment of being repository to heavy metal pollution. As seen in Figs. 3 and 5, the sequence of heavy metals concentrations in water and sediment did not follow a particular pattern, except Iron. This may have resulted from changing physiochemical conditions of the river, expecially temperature known to increase surface water dilution, metals solubility and sediment sorption capacity.
CONCLUSION
The study has provided vital information on the variability of metal loads in the river, for future reference on bio-monitoring studies. The river assimilative capacity and other dilution factors must have played an important role in attenuating surface water pollution in the Creek naturally during the wet season months with higher concentrations values obtained in sediment in dry season months. We suggest that the sources of Fe, Zn and Cu be monitored through standard assessment studies in order to prevent possible ecological and public health risk.
